ABSTRACT: Marine fishes, Scarus rivulatus (Scaridae) from the Great Barrier Reef, and Platycephalus fuscus (Platycephalidae) and Pelates quadrilineatus (Theraponidae) from southern Queensland, were found infected with parasitic turbellarians which encysted in the skin or gills. These worms caused minor pathological changes by creating tunnels or pockets in the dermis and epidermis. Those from the parrot fish S. rivulatus were identified as Ichthyophaga sp. (Prolecithophora) and those from the other fishes as Paravortex sp. (Rhabdocoela). A table of turbellarians recorded from vertebrate hosts is included.
INTRODUCTION
Turbellarian worms are predominantly free-living members of the Platyhelminthes and, although parasitic and commensal members are scattered through the group (Jennings 1971) , very few are known to be associated with vertebrates. One, Bdellasimilis barwicki -an aberrant triclad in the family Procerodidaelives in the limb pits of freshwater turtles in Australia (Richardson 1968 , 1970 , Ball 1976 where it feeds as an ectosymbiotic predator or an opportunistic comrnensal (Jennings 1985) . All other known turbellarians are from fish, e. g. Micropharynx parasitica (Procerodidae) lives firmly attached to the dorsal slun of rays (Elasmobranchii) from the northern Atlantic and the Bering Sea (Jagerskiold 1896 , Awerinzew 1925 , Ball & Khan 1976 and Procerodes lobata has been associated with lesions on the surface of various fishes from the Mediterranean (Wilhelmi 1909 , Vogt 1891 . Furthermore, a proseriate, Digenobothnum inerme, was described in Europe from the surface of young eels (Leptocephalus) by Palombi (1926) , but until recently only one turbellanan had been considered a true parasite, viz. Ichthyophaga subcutanea, a prolecithophoran ( F . Urastomidae) described from cysts on the skin and fins of the marine fishes Bero and Hexagrammus from the Sea of Japan by Syromjatnikova (1949) and recorded also from the gill connective tissue of a tropical reef fish, Cephalopholis pachycentron (Serranidae), by Menitskii (1963) . Over the past decade there have been several accounts of a turbellarian causing lesions on various marine aquarium fish from the Pacific and the Caribbean (Blasiola 1976, O Inter-Research/Printed in F. R. Germany Conde 1976 ). This has been called the tang turbellarian by Kent (1981) because of its prevalence on the acanthurid fish Zebrasoma flavescens, the yellow tang. Kent & Olson (1980) had likened it to Ichthyophaga, but Kent & Olson (1986) claim it to be a species of Paravortex (Rhabdocoela: Graffillidae).
In 1984 we obtained specimens of turbellarians from fishes of the Great Barrier Reef and from southern Queensland. These specimens were enclosed in shallow epidermal pockets (Cannon & Lester 1986 ). Attemps to obtaln more material of the worms have not been successful, thus an account of the infestations is now presented to bnng attention to these phenomema which may be confused with immature trematode infections.
MATERIALS AND METHODS
A Scarus rivulatus specimen was fixed immediately after capture in 10 % formalin. Platycephalus fuscus and Pelates quadrilineatus specimens were kept in aquaria a t 20 "C for 1 and 21 d respectively prior to dissection. Tissues and worms were similarly fixed in . 10 % formalin and embedded in paraffin, sectioned at 6 to 8 pm and stained in haematoxylin and eosin. All are in the Queensland Museum (QM) and in the following (S) indicates sections. Drawings and measurements were made with the aid of a camera lucida. All 3 worms recovered from the skin of the parrot fish were ovoid, about 1000 Li m X 300 pm, and ciliated ( Fig.  1) . The body wall is thin, but the cilia are long (30 to 50 pm) a n d coated with a n eosinophilic secretion (Fig. 2) causing them to appear as a solid band in sections. The body wall musculature is poorly developed, and parenchyma hardly differentiated from the gut. Anteriorly a cluster of large hyaline (poorly staining) cells form a cone at the anterior end; a cerebral ganglion lies at the posterior edge of the cone and a pair of large eyespots flank the ganglion. Each eyespot resembles a clover leaf of fine brown/black granules about a hyaline cone made of 3 lens elements abutted at 120" (Fig. lc) . Posteriorly there is a globular, muscular pharynx (Fig.  l a ) about 60 ,pm in diameter in a shallow buccal cavity with a terminal mouth through which the pharynx may protrude. Proximally the pharynx contains numerous glands, and further several large glands -their bodies in the posterior body-drain to the oesophageal region. The body 1s tllled wlth a saccate gut wirn a srndii central lumen containing cells reminiscent of host epithelia1 cells. The gastrodermis is filled with small inclusions, presumably the remains of these cells, and numerous fine black pigment granules and clusters. lchthyophaga sp. The cells of the gastrodermis are very weaklj differentiated giving the appearance of a syncitium and are hardly separated from the surrounding parenchyma (F1g. l b ) . Peripherally the body is filled with large cells: large refractory cells filled with fine granulations. Slightly smaller but more numerous are cells staining deeply with haematoxylin (vitellaria) and occasional small gland cells which are deeply eosinophilic. Ovaries were not seen, though in one worm a small oocyte was seen in the lateral parenchyma. Neither were testes seen, but in the mid ventral body 2 fine ducts were seen to coalesce to form a weakly muscled, posteriorly directed tube that was filled with a sperm bolus about 40 pm in diameter. Neither a male copulatory bulb nor ducts to the buccal region were seen.
3 contained 1 worm each and 2 appeared to be empty.
Cysts were in the upper layers of the dermis. The cyst wall was composed of loose fibrous tissue and scattered melanocytes. In 2 cysts examined histologically, worms occupied the centre of the cavity (Fig. 2 ) and canals extended a short distance into the dermis at either end giving the cysts a pointed appearance (Fig. 3) . In these sections it was not clear whether or not the canals opened to the surface. A third cyst sectioned had 2 canals ending blindly in the dermis and a third canal, adjacent to the pharynx, which passed through the dermis and epidermis and opened at the surface. Leucocytic infiltration was evident in the dermis. The gut of the worms contained cells and black pigment granules similar to those lining the wall of the chamber and canals.
In all, 8 cysts were found on the one fish. Similar cysts were seen on other Scarus rivulatus at Pandora Reef, but no other specimens were made available to us for study.
Paravortex sp. (0. Rhabdocoela, F. Graffillidae)
Host pathology Three gravid worms were found, one on the gill of Worms were found in Scarus rivulatus in the slun of
Pelates quadrilineatus and two in the head canals of a the ventral abdomen and of the anal and pelvic fins and Platycephalus fuscus, one beneath the eye and one at were not associated with any clinical disease. They the posterior of the cranium. Several juveniles were were in dark 'cysts' resembling those caused by also present in the canal beneath the eye. During metacercariae of Digenea (Fig. 3) . Of 5 cysts dissected, removal, the worm on the cranium burst releasing 100 to 200 young Both fish were from Moreton Bay in southern Queensland.
Parasite morphology
Both adult worms were spindle-shaped and cream or yellow , measuring about 2500 X 750pm The body is completely ciliated, with cilia 5 to 6 pm long. The body wall is t h n and packed w~t h small eosinophilic granules (rhabdites?); parenchyma and musculature are poorly developed (Fig. 4a, b) . Anteriorly 2 pairs of large glands, the bodies of which lie behind the pharynx, discharge at the apex. Near the anterior dorsal surface lies a cerebral ganglion flanked by a pair of prominent eyespots. Each eyespot has a cloverleaf cluster of large/ coarse black or brown granules enclosing a cone consist-ing of 3 hyaline lenses arranged at 120". The mouth is subterrni.na1 at the anterior and opens to a small buccal cavity. The pharynx is muscular, about 200 X 120 km, and slightly broader posteriorly where it contains numerous glands. The pharynx is capable of dramatic protrusion. Immediately behind the pharynx is a cluster of oesophageal cells and then a large saccate gut extends back in the dorsal body to the posterior end of the body. The gastrodermis is poorly defined and filled with hyaline granules or 'excretory spheres'.
A common genital pore opens midventrally in the second quarter of the body. Because only juvenile and Paravortex sp. extremely gravid individuals have been observed the reproductive morphology of mature, non-gravid adults is not known. Gravid adults. (Fig. 4a, b) . Here the gonopore has disappeared, though a sli.ght thickening of the ventral body wall is discernible, and the atrium is now a commodious space filling nearly all of the ventral body from just behind the pharynx to the tail. A muscular septum separates it from the remainder of the pa~enchyma. This space is filled with ova, embryos and developing worms, but in the material available there was no evidence of twinning. The testes and ovaries are reduced to remnants -clusters of cells now pushed high in the body to the dorso-lateral wall with poorly developed ducts remaining. The vitellaria are not evident, but remnants of oviducts and vitelline ducts remain above the muscle septum where too a slight thickening probably represents the remains of a penis bulb.
Juveniles. About 200 pm long (Fig. 4c, d ), these have the gonopore in the middle of the ventral surface. The gonopore 'pens into a atrium with a sphincter. The small paired ovaries lie laterally and just anterior to the atrium; extensive vitellaria fill the sides of the body from the gonopore to the tail with a series of I --morula-like structures enclosed in a tunica. Small paired testes lie just anterior and more central than the ovaries; from the testes strongly curved ducts loop posteriorly and dorsally to join at the proximal position of a small muscular unarmed penis which protrudes into the atrium from the anterior dorsal wall. Swollen epidermal cells are present in juveniles, especially anteriorly. Juveniles, both when within the parent and when free, may extend up to about 500 pm in length. Even at this young stage the pharynx is protrusible.
Host pathology
The orange-yellow worms on the gill and head were partly enclosed by a translucent tube of fish tissue and were not easily dislodged (Fig. 5) . The posterior of the worms pulsated in and out of the open end of the tube -on both fish species. Histological sections were only available for the infection in Pelates quadrilineatus. The worm lay along a gill filament within a tube composed of layers of epithelial cells (Fig. 6) . Part of the wall of the tube contained flattened gill lamellae. The tube ended in epithelial tissue and it was presumably on this that the worm fed. No necrosis was evident and there was little inflammatory response. The effect of the infection on the fish appeared to be the loss of lamellar function and stimulation of epithelial hyper- 
DISCUSSION
Determination of the identity of turbellarians has been made easier by the publication of Cannon's (1986) gulde; however, worms which are not fully mature (or those excessively gravid) still present problems. Features such as the form of the oocytes and/or vitellar~a and nature of the pharynx are critical for ordinal determinations, and recognition of families or genera generally depends upon details of the mature reproductive system.
Although the Ichthyophaga sp. were all largely immature, it is clear that vitelline cells without a tunica are scattered about the periphery of the body and oocytes are also apparently free. These observations indicate that the worms belong to the Prolecithophora. The posterior pharynx places the worm in the Urastomidae which has only 2 genera, viz. Urastoma with a muscular penis bulb and which is found free or associated with bivalve gills (Westblad 1955 , Flemming et al. 1981 , and Ichthyophaga lacking the penis bulb and found in 'cysts' in the skin and gills of marine fishes (Syromjatnikova 1949 , Menitskii 1963 . Clearly the present worm lies in the genus Ichthyophaga which contains the single species subcutanea. It differs from subcutanea as described by Syromjatnikova (1949) and more closely resembles that described by Menitskii (1963) . Menitskii examined Syromjatnikova's material and reported several discrepancies between her material and her description. He concluded his material was of the same species though coming from the gills of a tropical reef fish. I, subcutanea was described a s having entolecithal eggs or germovitellaria. This appears to be a misinterpretation and indeed the figures of this species show it to resemble the present species very closely with regard to the peripheral cell architecture. In all cases relatively few specimens were available for study. Until more material is on hand we hesitate to assign the present worm to subcutanea.
Grizzle & Williams (1985) illustrated a worm in a section of a melanistic cyst from a tropical reef fish from Puerto Rco. They gave no details, but did state it was a turbellarian. It appears most similar to the sections we have of Ichthyophaga sp.
Mature but non-gravid Paravortex were not available for study. The presence of distinct vitellaria contained within a tunica, however, together with other characteristics -especially an anterior pharynx doliiformis -clearly indicate the worm is a rhabdocoel in the family Graffillidae. Though it was not possible to determi.ne the nature of the prostatic tissue which Marcus (1954) used to determine subfamilies, the presence of paired ovaries does convincingly indicate that the worm belongs to the Graffillinae. Furthermore the absence of any indication of a seminal receptacle places the worm in Paravortex rather than Graffilla. Paravortes conta~ns 4 species parasitic or cornmensal with bivalve molluscs, viz P. cardii, P, karlingi, P. scrob~culariae and P. gemellipara. The first 3 are known from the gut and gills of bivalves around Britain and from the Mediterranean; P, genlellipara occurs on the gills of bivalves from the east coast of the USA (Wardle 1980) and Canada (Flemming et al. 1981) . A further unnamed species was described from the surface of fish by Kent & Olson (1986) . They gave few morphological details of the worms, but merely stated it had been identified as a species of Paravortex. This worm, quite contrary to the one from Australia, erodes the surface of the fish with its pharynx causing lesions. It does this while sbll immature and ieaves the host to become a gravid adult on the sea floor.
The present species of Paravortex becomes the second rhabdocoel parasite of a vertebrate. The lack of twinning (usually characteristic of Paravortex) is perhaps of little significance as the capsules about the young of other species of Paravortex are known to disappear as the juveniles mature within the parent.
Protandry seems evident in Ichthyophaga and Ball (1916) commented upon the protandry of Paravortex gemellipara. It is likely that definitive diagnoses based on adult morphology will depend upon obtaining worms at a particular period of their development. Few descriptions of these worms appear in the Literature. Comparisons have been, possibl.e, however, though we believe that until mature but non-gravid worms are available for study insufficient data exist to justify the erection of new names for these species parasitic in fish. Table 1 gives the details of species of turbellarian that associate with vertebrates.
The evidence suggests that Ichthyophaga may leave the fish to mate and disperse young. Protandry is evident, but in both species egg capsules or developing young are not known, nor indeed is it logical that the worms self-fertilize within their tunnels. A free period is indicated and certainly Urastoma is known from both symbiotic and freeliving forms (Marcus 1951 , Westblad 1955 . The presence of well-developed eyespots supports the hypothesis that a free period occurs during which the eyespots enable the appropriate phototactic responses to occur, perhaps to take the animal to the sediments to find shelter and a mate. Burt & Bance (1981) claim Urastoma cyprinae exhibits a marked negatlve phototaxis when rem.oved from its bivalve host. The penetration into the host's skin and, the production of a home tunnel may rely on glands, but perhaps the cone of cells anteriorly may serve to allow the worm to push between cell layers. The presence of melanocytes lining the tunnels suggests these spaces last several weeks or months and to keep them open the worm would need to regularly extend into them. The strong protrusible pharynx and the presence in the gut of cells and melanin granules strongly suggest the worms feed on host cells lining the chamber.
The presence of eyespots in Paravortex again suggests phototactic responses. Pike & Burt (1981) indicate P. karlingi is negatively phototactic as an adult and when gravid, but P. cardii initially showed positive phototaxis when a freshly escaped juvenile. This became negative after dark acclimation. Quite probably the photacitic response varies with the stage of development in order to maximize the opportunities to find suitable habitats. These worms also appear to feed on host tissue. Jennings & Phillips (1978) and Jennings (1981) showed that P. scrobiculariae relied on host enzymes to aid with digestion. This would appear not to be the case with the present species, but the nature of the similar 'excretory spheres' needs investigation.
The pharynx is obviously highly mobile and protrusible and presumably is used to gather food from the host epithelium. The nature of the tube about the worm on the gill suggests the relationship is not as long-term as in Ichthyophaga.
Both species raise many questions concerning the biology of these worms and of their relationships with their hosts and the pathological effects produced. How long is the stage away from the fish and is it possible that a mollusc is involved with either species? To what extent have melanistic cysts on the gills or surface of fishes been ascribed to digenean metacercariae when in fact turbellarians have been the cause?
